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QUASI-OMNI TRAINING IN CHANNEL TIME 
ALLOCATION PERIOD 

CLAIM OF PRIORITY UNDER 35 U.S.C §120 

The present Application for Patent is a continuation-in-part 
of patent application Ser. No. 11/960,234, entitled “BEAM 
FORMING IN MIMO SYSTEMS” ?led Dec. 19, 2007, 
pending, Which claims priority to Provisional Application 
No. 60/985,957, entitled “OFDM PREAMBLES FOR 
BEAMFORMING AND DATA PACKETS” ?led Nov. 6, 
2007, and assigned to the assignee hereof and hereby 
expressly incorporated by reference herein. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present Application is related by subject matter to US. 
patent application Ser. No. 12/465,428, entitled “ASSOCIA 
TION IN CONTENTION ACCESS PERIOD” ?led hereWith 
and assigned to the assignee hereof and hereby expressly 
incorporated by reference herein. 

BACKGROUND 

1. Field 
Certain aspects of the present disclosure generally relate to 

a Wireless communication and, more particularly, to a method 
for association in a contention access period and to a method 
for multi-cycle training in a channel time allocation period. 

2. Background 
A device in communication systems, such as a piconet 

Wireless network, searches for a direction of a piconet con 
troller (PNC) during an association procedure. The device is 
considered not to be omni-capable on reception, and multiple 
receive directions can be supported. Therefore, there is a need 
in the art for a method to provide e?icient directional asso 
ciation With the PNC. 

Furthermore, antenna directions of the device and of the 
PNC found during the association may not be best possible 
due to possible collisions in a contention access period. 
Therefore, there is a need in the art for a method to support 
training and tracking of antenna directions folloWing the 
association procedure. 

SUMMARY 

Certain aspects provide a method for Wireless communi 
cations. The method generally includes receiving, at a device 
from a piconet controller (PNC), a request for training of 
transmit quasi-omni directions of the device, Wherein the 
training Will be performed during a channel time allocation 
period (CTAP), transmitting, from the device as a response to 
the received request for the training, repetitions of a training 
packet in a plurality of cycles, Wherein the repetitions of the 
training packet are transmitted in every cycle using a different 
transmit quasi-omni direction of the device, and receiving, at 
the device using its preferred receive quasi-omni direction, 
feedback information about at least one preferred transmit 
quasi-omni direction of the device. 

Certain aspects provide an apparatus for Wireless commu 
nications. The apparatus generally includes a circuit con?g 
ured to receive, at a device from a piconet controller (PNC), a 
request for training of transmit quasi-omni directions of the 
device, Wherein the training Will be performed during a chan 
nel time allocation period (CTAP), a transmitter con?gured to 
transmit, from the device as a response to the received request 
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2 
for the training, repetitions of a training packet in a plurality 
of cycles, Wherein the repetitions of the training packet are 
transmitted in every cycle using a different transmit quasi 
omni direction of the device, and a receiver con?gured to 
receive, at the device using its preferred receive quasi-omni 
direction, feedback information about at least one preferred 
transmit quasi-omni direction of the device. 

Certain aspects provide an apparatus for Wireless commu 
nications. The apparatus generally includes means for receiv 
ing, at a device from a piconet controller (PNC), a request for 
training of transmit quasi-omni directions of the device, 
Wherein the training Will be performed during a channel time 
allocation period (CTAP), means for transmitting, from the 
device as a response to the received request for the training, 
repetitions of a training packet in a plurality of cycles, 
Wherein the repetitions of the training packet are transmitted 
in every cycle using a different transmit quasi-omni direction 
of the device, and means for receiving, at the device using its 
preferred receive quasi-omni direction, feedback information 
about at least one preferred transmit quasi-omni direction of 
the device. 

Certain aspects provide a computer-program product for 
Wireless communications. The computer-program product 
includes a computer-readable medium comprising instruc 
tions executable to receive, at a device from a piconet con 
troller (PNC), a request for training of transmit quasi-omni 
directions of the device, Wherein the training Will be per 
formed during a channel time allocation period (CTAP), 
transmit, from the device as a response to the received request 
for the training, repetitions of a training packet in a plurality 
of cycles, Wherein the repetitions of the training packet are 
transmitted in every cycle using a different transmit quasi 
omni direction of the device, and receive, at the device using 
its preferred receive quasi-omni direction, feedback informa 
tion about at least one preferred transmit quasi-omni direction 
of the device. 

Certain aspects provide an access terminal. The access 
terminal generally includes at least one antenna, a circuit 
con?gured to receive, at the access terminal via the at least 
one antenna, a request for training of transmit quasi-omni 
directions of the access terminal, Wherein the training Will be 
performed during a channel time allocation period (CTAP), a 
transmitter con?gured to transmit, from the access terminal as 
a response to the received request for the training via the at 
least one antenna, repetitions of a training packet in a plurality 
of cycles, Wherein the repetitions of the training packet are 
transmitted in every cycle using a different transmit quasi 
omni direction of the access terminal, and a receiver con?g 
ured to receive, at the access terminal using its preferred 
receive quasi-omni direction via the at least one antenna, 
feedback information about at least one preferred transmit 
quasi-omni direction of the access terminal. 

Certain aspects provide a method for Wireless communi 
cations. The method generally includes transmitting, from a 
piconet controller (PNC), a request for training of transmit 
quasi-omni directions of a device, Wherein the training Will be 
performed during a channel time allocation period (CTAP), 
receiving, at the PNC, repetitions of a training packet in a 
plurality of cycles, Wherein the repetitions of the training 
packet are received in each cycle of the plurality of cycles 
using all receive quasi-omni directions of the PNC, and 
Wherein the repetitions of the training packet Were transmit 
ted from the device in each cycle of the plurality of cycles 
using a unique transmit quasi-omni direction of the device, 
evaluating a link quality factor (LQF) for each pair of the used 
receive quasi-omni directions of the PNC and of the used 
transmit quasi-omni directions of the device, determining, at 
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the PNC based on the evaluated LQFs, at least one preferred 
receive quasi-omni direction of the PNC and at least one 
preferred transmit quasi-omni direction of the device, and 
transmitting, from the PNC, feedback information about the 
at least one preferred transmit quasi-omni direction of the 
device using one of the at least one preferred transmit quasi 
omni direction of the PNC. 

Certain aspects provide an apparatus for Wireless commu 
nications. The apparatus generally includes a ?rst circuit con 
?gured to transmit, from a piconet controller (PNC), a request 
for training of transmit quasi-omni directions of a device, 
Wherein the training Will be performed during a channel time 
allocation period (CTAP), a receiver con?gured to receive, at 
the PNC, repetitions of a training packet in a plurality of 
cycles, Wherein the repetitions of the training packet are 
received in each cycle of the plurality of cycles using all 
receive quasi-omni directions of the PNC, and Wherein the 
repetitions of the training packet Were transmitted from the 
device in each cycle of the plurality of cycles using a unique 
transmit quasi-omni direction of the device, an evaluating 
circuit con?gured to evaluate a link quality factor (LQF) for 
each pair of the used receive quasi-omni directions of the 
PNC and of the used transmit quasi-omni directions of the 
device, a second circuit con?gured to determine, at the PNC 
based on the evaluated LQFs, at least one preferred receive 
quasi-omni direction of the PNC and at least one preferred 
transmit quasi-omni direction of the device, and a transmitter 
con?gured to transmit, from the PNC, feedback information 
about the at least one preferred transmit quasi-omni direction 
of the device using one of the at least one preferred transmit 
quasi-omni direction of the PNC. 

Certain aspects provide an apparatus for Wireless commu 
nications. The apparatus generally includes means for trans 
mitting, from a piconet controller (PNC), a request for train 
ing of transmit quasi-omni directions of a device, Wherein the 
training Will be performed during a channel time allocation 
period (CTAP), means for receiving, at the PNC, repetitions 
of a training packet in a plurality of cycles, Wherein the 
repetitions of the training packet are received in each cycle of 
the plurality of cycles using all receive quasi-omni directions 
of the PNC, and Wherein the repetitions of the training packet 
Were transmitted from the device in each cycle of the plurality 
of cycles using a unique transmit quasi-omni direction of the 
device, means for evaluating a link quality factor (LQF) for 
each pair of the used receive quasi-omni directions of the 
PNC and of the used transmit quasi-omni directions of the 
device, means for determining, at the PNC based on the 
evaluated LQFs, at least one preferred receive quasi-omni 
direction of the PNC and at least one preferred transmit quasi 
omni direction of the device, and means for transmitting, 
from the PNC, feedback information about the at least one 
preferred transmit quasi-omni direction of the device using 
one of the at least one preferred transmit quasi-omni direction 
of the PNC. 

Certain aspects provide a computer-program product for 
Wireless communications. The computer-program product 
includes a computer-readable medium comprising instruc 
tions executable to transmit, from a piconet controller (PNC), 
a request for training of transmit quasi-omni directions of a 
device, Wherein the training Will be performed during a chan 
nel time allocation period (CTAP), receive, at the PNC, rep 
etitions of a training packet in a plurality of cycles, Wherein 
the repetitions of the training packet are received in each cycle 
of the plurality of cycles using all receive quasi-omni direc 
tions of the PNC, and Wherein the repetitions of the training 
packet Were transmitted from the device in each cycle of the 
plurality of cycles using a unique transmit quasi-omni direc 
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4 
tion of the device, evaluate a link quality factor (LQF) for 
each pair of the used receive quasi-omni directions of the 
PNC and of the used transmit quasi-omni directions of the 
device, determine, at the PNC based on the evaluated LQFs, 
at least one preferred receive quasi-omni direction of the PNC 
and at least one preferred transmit quasi-omni direction of the 
device, and transmit, from the PNC, feedback information 
about the at least one preferred transmit quasi-omni direction 
of the device using one of the at least one preferred transmit 
quasi-omni direction of the PNC. 

Certain aspects provide an access point. The access point 
generally includes at least one antenna, a ?rst circuit con?g 
ured to transmit, from the access point via the at least one 
antenna, a request for training of transmit quasi-omni direc 
tions of an access terminal, Wherein the training Will be per 
formed during a channel time allocation period (CTAP), a 
receiver con?gured to receive, at the access point via the at 
least one antenna, repetitions of a training packet in a plurality 
of cycles, Wherein the repetitions of the training packet are 
received in each cycle of the plurality of cycles using all 
receive quasi-omni directions of the access point, and 
Wherein the repetitions of the training packet Were transmit 
ted from the access terminal in each cycle of the plurality of 
cycles using a unique transmit quasi-omni direction of the 
access terminal, an evaluating circuit con?gured to evaluate a 
link quality factor (LQF) for each pair of the used receive 
quasi-omni directions of the access point and of the used 
transmit quasi-omni directions of the access terminal, a sec 
ond circuit con?gured to determine, at the access point based 
on the evaluated LQFs, at least one preferred receive quasi 
omni direction of the access point and at least one preferred 
transmit quasi-omni direction of the access terminal. and a 
transmitter con?gured to transmit, from the access point via 
the at least one antenna, feedback information about the at 
least one preferred transmit quasi-omni direction of the 
access terminal using one of the at least one preferred transmit 
quasi-omni direction of the access point. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in Which the above-recited features of 
the present disclosure can be understood in detail, a more 
particular description, brie?y summarized above, may be had 
by reference to aspects, some of Which are illustrated in the 
appended draWings. It is to be noted, hoWever, that the 
appended draWings illustrate only certain typical aspects of 
this disclosure and are therefore not to be considered limiting 
of its scope, for the description may admit to other equally 
effective aspects. 

FIG. 1 illustrates an example Wireless communication sys 
tem in accordance With certain aspects of the present disclo 
sure. 

FIG. 2 illustrates various components that may be utiliZed 
in a Wireless device in accordance With certain aspects of the 
present disclosure. 

FIG. 3 illustrates an example transmitter that may be used 
Within a Wireless communication system in accordance With 
certain aspects of the present disclosure. 

FIG. 4 illustrates an example receiver that may be used 
Within a Wireless communication system in accordance With 
certain aspects of the present disclosure. 

FIG. 5 illustrates a beamforming terminology in accor 
dance With certain aspects of the present disclosure. 

FIG. 6 illustrates a super-frame structure for quasi-omni 
capable devices in accordance With certain aspects of the 
present disclosure. 
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FIG. 7 illustrates a structure of a contention access period 

(CAP) in accordance With certain aspects of the present dis 
closure. 

FIG. 8 illustrates example operations for directional asso 
ciation in accordance With certain aspects of the present dis 
closure. 

FIG. 8A illustrates example components capable of per 
forming the operations illustrated in FIG. 8. 

FIG. 9 illustrates a channel time allocation (CTA) structure 
for quasi-omni transmit direction training in accordance With 
certain aspects of the present disclosure. 

FIG. 10 illustrates example operations for multi-cycle 
training in CTA periods in accordance With certain aspects of 
the present disclosure. 

FIG. 10A illustrates example components capable of per 
forming the operations illustrated in FIG. 10. 

FIG. 11 illustrates a CTA structure for quasi-omni transmit 
direction tracking in accordance With certain aspects of the 
present disclosure. 

DETAILED DESCRIPTION 

Various aspects of the disclosure are described more fully 
hereinafter With reference to the accompanying drawings. 
This disclosure may, hoWever, be embodied in many different 
forms and should not be construed as limited to any speci?c 
structure or function presented throughout this disclosure. 
Rather, these aspects are provided so that this disclosure Will 
be thorough and complete, and Will fully convey the scope of 
the disclosure to those skilled in the art. Based on the teach 
ings herein one skilled in the art should appreciate that the 
scope of the disclosure is intended to cover any aspect of the 
disclosure disclosed herein, Whether implemented indepen 
dently of or combined With any other aspect of the disclosure. 
For example, an apparatus may be implemented or a method 
may be practiced using any number of the aspects set forth 
herein. In addition, the scope of the disclosure is intended to 
cover such an apparatus or method Which is practiced using 
other structure, functionality, or structure and functionality in 
addition to or other than the various aspects of the disclosure 
set forth herein. It should be understood that any aspect of the 
disclosure disclosed herein may be embodied by one or more 
elements of a claim. 

The Word “exemplary” is used herein to mean “serving as 
an example, instance, or illustration.” Any aspect described 
herein as “exemplary” is not necessarily to be construed as 
preferred or advantageous over other aspects. 

In the folloWing detailed description, various aspects of the 
disclosure may be described in the context of a Wireless 
netWork or “piconet” in accordance to the IEEE 802.15 fam 
ily of standards (Whether adopted or proposed). While these 
disclosed aspects may be Well suited for use With such net 
Works in Which an access point (AP) may serve as a piconet 
coordinator (PNC), those skilled in the art Will readily appre 
ciate that these disclosed aspects are likeWise applicable for 
use in various other communication environments utiliZing 
any type of access points (APs) and access terminals (ATs), 
including, but not limited to, netWorks in accordance With the 
IEEE 802.11 family of standards and may, in fact, alloW 
netWorks in accordance With different standards to better 
co-exist. Accordingly, any reference to an IEEE 802.15 com 
pliant netWork is intended only to illustrate the disclosed 
aspects, With the understanding that such disclosed aspects 
have a Wide range of applications. 

The teachings herein may be incorporated into (e.g., imple 
mented Within or performed by) a variety of Wired or Wireless 
apparatuses (e.g., nodes). In some aspects, a node imple 
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6 
mented in accordance With the teachings herein may com 
prise an access point or an access terminal. 

An access point (“AP”) may comprise, be implemented as, 
or knoWn as NodeB, Radio NetWork Controller (“RNC”), 
eNodeB, Base Station Controller (“BSC”), Base Transceiver 
Station (“BTS”), Base Station (“BS”), Transceiver Function 
(“TF”), Radio Router, Radio Transceiver, Basic Service Set 
(“BSS”), Extended Service Set (“ESS”), Radio Base Station 
(“RBS”), or some other terminology. 
An access terminal (“AT”) may comprise, be implemented 

as, or knoWn as an access terminal, a subscriber station, a 
subscriber unit, a mobile station, a remote station, a remote 
terminal, a user terminal, a user agent, a user device, user 
equipment, or some other terminology. In some implementa 
tions, an access terminal may comprise a cellular telephone, a 
cordless telephone, a Session Initiation Protocol (“SIP”) 
phone, a Wireless local loop (“WLL”) station, a personal 
digital assistant (“PD ”), a handheld device having Wireless 
connection capability, or some other suitable processing 
device connected to a Wireless modem. Accordingly, one or 
more aspects taught herein may be incorporated into a phone 
(e.g., a cellular phone or smart phone), a computer (e.g., a 
laptop), a portable communication device, a portable com 
puting device (e.g., a personal data assistant), an entertain 
ment device (e.g., a music or video device, or a satellite 
radio), a global positioning system device, or any other suit 
able device that is con?gured to communicate via a Wireless 
or Wired medium. 

In some aspects, the node is a Wireless node. Such Wireless 
nodes may provide, for example, connectivity for or to a 
netWork (e.g., a personal area netWork or piconet, Wide area 
netWork such as the Internet, or a cellular netWork) via a Wired 
or Wireless communication link. 

Although particular aspects are described herein, many 
variations and permutations of these aspects fall Within the 
scope the disclosure. Although some bene?ts and advantages 
of the preferred aspects are mentioned, the scope of the dis 
closure is not intended to be limited to particular bene?ts, 
uses, or objectives. Rather, aspects of the disclosure are 
intended to be broadly applicable to different Wireless tech 
nologies, system con?gurations, netWorks, and transmission 
protocols, some of Which are illustrated by Way of example in 
the ?gures and in the folloWing description of the preferred 
aspects. The detailed description and draWings are merely 
illustrative of the disclosure rather than limiting, the scope of 
the disclosure being de?ned by the appended claims and 
equivalents thereof. 

An Example Wireless Communication System 

FIG. 1 illustrates an example of a Wireless communication 
system 100 (i.e., a Piconet 1) in Which aspects of the present 
disclosure may be employed. As illustrated, Piconet 1 may 
include a number of Wireless devices 102 or “terminals” 
1A-1E that can communicate With one another using rela 
tively short-range Wireless links 104. In the illustrated 
example, terminal 1E acts as a PNC for Piconet 1. Although 
illustrated With ?ve devices, it should be appreciated that any 
number of devices (i.e., tWo or more) may form a Wireless 
personal area netWork. 

Each of the terminals 102 in the Piconet 1 may include, 
among other things, a Wireless transceiver to support Wireless 
communication and controller functionality to manage com 
munication With the netWork. The controller functionality 
may be implemented Within one or more digital processing 
devices. The Wireless transceiver may be coupled to one or 
more antennas to facilitate the transmission of signals into 
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and the reception of signals from a wireless channel.Any type 
of antennas may be used including, for example, dipoles, 
patches, helical antennas, antenna arrays, and/or others. 

The devices in the Piconet 1 may include any of a wide 
variety of different device types including, for example, lap 
top, desktop, palmtop, or tablet computers having wireless 
networking functionality, computer peripherals having wire 
less networking capability, personal digital assistants (PDAs) 
having wireless networking capability, cellular telephones 
and other handheld wireless communicators, pagers, wireless 
network interface modules (e.g., wireless network interface 
cards, etc.) incorporated into larger systems, multimedia 
devices having wireless networking capability, audio/visual 
devices having wireless networking capability, home appli 
ances having wireless networking capability, jewelry or other 
wearable items having wireless networking capability, wire 
less universal serial bus (USB) devices, wireless digital imag 
ing devices (e.g., digital cameras, camcorders, etc.), wireless 
printers, wireless home entertainment systems (e.g., DVD/ 
CD players, televisions, MP3 players, audio devices, etc.), 
and/or others. In one con?guration, for example, a wireless 
personal area network may include a user’s laptop computer 
that is wirelessly communicating with the user’s personal 
digital assistant (PDA) and the user’s printer in a short-range 
network. In another possible con?guration, a wireless per 
sonal area network may be formed between various audio/ 
visual devices in, for example, a user’s living room. In yet 
another con?guration, a user’ s laptop computer may commu 
nicate with terminals associated with other users in a vicinity 
of the user. Many other scenarios are also possible. 

Standards have been developed, and are currently in devel 
opment, to provide a framework to support development of 
interoperable products that are capable of operating as part of 
a wireless personal area network (e.g., the Bluetooth standard 
(Speci?cation of the Bluetooth System, Version 1.2, Blue 
tooth SIG, Inc., November 2003), the IEEE 802.15 standards, 
etc.). The IEEE 802.15.3c standard, for example, is a high 
data rate wireless personal area network standard. In accor 
dance with the IEEE 802.15 .3c standard, one of the terminals 
within a piconet is selected as a Piconet Coordinator (PNC) to 
coordinate the operation of the network. For example, with 
reference to FIG. 1, the device PNC 1E represents a PNC for 
the Piconet 1 in an IEEE 802.15.3c implementation. 
As illustrated, PNC 1E may transmit a beacon signal 110 

(or simply “beacon”) to other devices of Piconet 1, which may 
help the other terminals within Piconet 1 synchroniZe their 
timing with PNC 1E. Thus, the beacon, typically sent at the 
beginning of every super-frame, contains information that 
may be used to time- synchroniZe the terminals in the piconet. 
Each terminal in the piconet, including the PNC, may reset its 
super-frame clock to Zero at the beginning of the beacon 
preamble. If a terminal does not hear a beacon, it may reset its 
super-frame clock to Zero at the instant where it expected to 
hear the beginning of the beacon preamble (e.g., based on 
previous super-frame timing). 

FIG. 2 illustrates various components that may be utiliZed 
in a wireless device 202 that may be employed within the 
wireless communication system 100. The wireless device 202 
is an example of a device that may be con?gured to implement 
the various methods described herein. The wireless device 
202 may be the PNC IE or a terminal 102 in the Piconet 1. 

The wireless device 202 may include a processor 204 
which controls operation of the wireless device 202. The 
processor 204 may also be referred to as a central processing 
unit (CPU). Memory 206, which may include both read-only 
memory (ROM) and random access memory (RAM), pro 
vides instructions and data to the processor 204. A portion of 
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8 
the memory 206 may also include non-volatile random access 
memory (NVRAM). The processor 204 typically performs 
logical and arithmetic operations based on program instruc 
tions stored within the memory 206. The instructions in the 
memory 206 may be executable to implement the methods 
described herein. 
The wireless device 202 may also include a housing 208 

that may include a transmitter 210 and a receiver 212 to allow 
transmission and reception of data between the wireless 
device 202 and a remote location. The transmitter 210 and 
receiver 212 may be combined into a transceiver 214. An 
antenna 216 may be attached to the housing 208 and electri 
cally coupled to the transceiver 214. The wireless device 202 
may also include (not shown) multiple transmitters, multiple 
receivers, multiple transceivers, and/ or multiple antennas. 
The wireless device 202 may also include a signal detector 

218 that may be used in an effort to detect and quantify the 
level of signals received by the transceiver 214. The signal 
detector 218 may detect such signals as total energy, energy 
per subcarrier per symbol, power spectral density and other 
signals. The wireless device 202 may also include a digital 
signal processor (DSP) 220 for use in processing signals. 
The various components of the wireless device 202 may be 

coupled together by a bus system 222, which may include a 
power bus, a control signal bus, and a status signal bus in 
addition to a data bus. 

FIG. 3 illustrates an example of a transmitter 302 that may 
be used within a wireless communication system 100 that 
utiliZes single-carrier or some other transmission technique. 
Portions of the transmitter 302 may be implemented in the 
transmitter 210 of a wireless device 202. The transmitter 302 
may be implemented in the PNC 1E for transmitting data 304 
to a terminal 102. The transmitter 302 may also be imple 
mented in a terminal 102 for transmitting data 304 to the PNC 
1E. 

Data 304 to be transmitted are shown being provided as 
input to a mapper 306. The mapper 306 may map the data 
stream 304 onto constellation points. The mapping may be 
done using some modulation constellation, such as binary 
phase-shift keying (BPSK), quadrature phase-shift keying 
(QPSK), 8 phase-shift keying (8PSK), quadrature amplitude 
modulation (QAM), etc. Thus, the mapper 306 may output a 
symbol stream 308, which may represents an input into a 
preamble insertion unit 310. 
The preamble insertion unit 310 may be con?gured for 

inserting a preamble sequence at the beginning of the input 
symbol stream 308, and generates a corresponding data 
stream 312. The preamble may be known at the receiver and 
may be utiliZed for time and frequency synchronization, 
channel estimation, equaliZation and channel decoding. The 
output 312 of the preamble insertion unit 310 may then be 
up-converted to a desired transmit frequency band by a radio 
frequency (RF) front end 314. An antenna 316 may then 
transmit a resulting signal 318 over a wireless channel. 

FIG. 4 illustrates an example of a receiver 402 that may be 
used within a wireless device 202 that utiliZes a single-carrier 
or some other transmission technique. Portions of the receiver 
402 may be implemented in the receiver 212 of a wireless 
device 202. The receiver 402 may be implemented in a ter 
minal 102 for receiving data 404 from the PNC 1E. The 
receiver 402 may also be implemented in the PNC 1E for 
receiving data 404 from a terminal 102. 
When a signal 404 is received by an antenna 406, it may be 

down-converted to a baseband signal 410 by an RF front end 
408. A frame format of the received signal for single-carrier 
data communications typically comprises a preamble fol 
lowed by a data portion. A portion of the preamble 412 may be 
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used for channel estimation by unit 416. Received data 414 
may be processed by an equalization unit 420 employing 
previously computed channel estimates 418. 
A demapper 424 may input an equalized data stream 422 

and may perform the inverse of the symbol mapping opera 
tion that Was performed by the mapper 306 from FIG. 3 
thereby outputting a data stream 426. Ideally, this data stream 
426 corresponds to the data 304 that Was provided as input to 
the transmitter 302, as illustrated in FIG. 3. 

Beamforrning Terminology 

When describing beamforming betWeen tWo devices, the 
folloWing notation can be used. TWo devices that are commu 
nicating can be referred to as DEVI and DEV2, for example, 
DEVI may be a piconet controller (PNC) from FIG. 1 and 
DEV2 may be a subscriber station. The device number d can 
be I for DEVI and 2 for DEV2. 

The term quasi-omni pattern generally relates to the loWest 
resolution pattern that covers a very broad area of a region of 
space of interest around a device (DEV). A PNC may cover 
the region of space of interest in a minimal set of, possibly 
overlapping, quasi-omni patterns. A set siZe equal to one may 
indicate that the PNC is able to cover the spatial region of 
interest With only one quasi-omni pattern, indicating that the 
PNC is omni-capable. The total number of quasi-omni trans 
mit and receive patterns of interest for DEV number d can be 
denoted as Pd”) and Pd”), respectively. The corresponding 
quasi-omni transmit and receive patterns can be denoted as 
QMM”) Where n-0, l, . . . , l(d”)—l for the transmit patterns and 
Qnm”) Where n:0, l, . . . , l(d”)—l for the receive patterns. The 
preferred pair of quasi-omni transmit and receive patterns for 
DEV d When communicating With the other DEV can be 
identi?ed by indices i(d’t) and i0”), respectively. The corre 
sponding quasi-omni transmit and receive patterns can be 
denoted as Qi<d.z>(d”) and Qlrmw”), respectively. If both devices 
are SAS devices, the superscripts t and r can be omitted since 
same antenna arrays are utiliZed for both transmission and 
reception. FIG. 5A illustrates example of tWo quasi-omni 
patterns Q0 and Q1 for the SAS device. 
As used herein, the term sector generally refers to a second 

level resolution pattern that covers a relatively broad area of 
multiple beams. A sector can cover a set of consecutive and 
nonconsecutive beams and different sectors can overlap. The 
total number of transmit and receive sectors of interest for 
DEV number d can be denoted as 101”) and 101”), respectively. 
The corresponding transmit and receive sectors can be 
denoted as Snw”) Where n-0, l, . . . , J (‘m-l for the transmit 

sectors, and SW01”) Where n:0, l, . . . , J (“w-l for the receive 
sectors. The preferred pair of transmit and receive sectors for 
DEV d When communicating With the other DEV can be 
identi?ed by indices j(d”) and j(d”), respectively. The corre 
sponding transmit and receive sectors can be denoted as 
Sj<d¢>(d”) and Sj<d.r>(d”), respectively. If both devices are SAS 
devices, the superscripts t and r can be omitted. FIG. 5B 
illustrates example of four overlapping sectors S0, S1, S2, S3 
for the SAS device. 

Sectors can be divided into beams as a higher level resolu 
tion pattern. The total number of transmit and receive beams 
of interest for DEV number d can be denoted as KM”) and 
KM”), respectively. The corresponding transmit and receive 
beams can be denoted as BMW’) Where n:0, l, . . . , K(d’t)—l for 

the transmit beams, and BMW”) Where n:0, l, . . . , K(d”)—l for 
the receive beams. The preferred pair of transmit and receive 
beams for DEV d When communicating With the other DEV 
can be identi?ed by indices km”) and kw”), respectively. The 
corresponding transmit and receive beams can be denoted as 
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10 
Bk<d.z>(d’t) and Bk<d.r>(d”), respectively. If both devices are SAS 
devices, the superscripts t and r can be omitted. FIG. 5C 
illustrates an example of an 8-element linear antenna array 
With eight beans B0, B1, . . . , B7 for the SAS device. 

Beams can be further divided into high-resolution (HRS) 
beams as the highest level of resolution pattern. The total 
number of transmit and receive HRS beams of interest for 
DEV number d can be denoted as L0”) and L0”), respec 
tively. The corresponding transmit and receive HRS beams 
can be denoted as HMO”) Where n:0:L(d”)—l for the transmit 
HRS beams, and HMO”) Where n:0:L(d”)—l for the receive 
HRS beams. The preferred pair of transmit and receive HRS 
beams for DEV d When communicating With the other DEV 
can be identi?ed by indices 10”) and 101”), respectively. The 
corresponding transmit and receive HRS beams can be 
denoted as Hl<d.z>(d”) and HZWM’V), respectively. If both devices 
are SAS devices, the superscripts t and r can be omitted. FIG. 
5D illustrates an example of an 8-element linear antenna array 
With 16 HRS beams H0, H1, . . . , Hl5 for the SAS device. 

In general, the multi-resolution de?nition of quasi-omni 
patterns, sectors, beams and HRS beams becomes a multi 
level de?nition, Where each level may use a set of antenna 
patterns. Therefore, quasi-omni patterns may represent a ?rst 
set of antenna patterns, sectors may represent a second set of 
antenna patterns, beams may represent a third set of antenna 
patterns preferably derived from the second set of antenna 
patterns, and HRS beams may represent a fourth level of 
antenna patterns preferably derived from the third set of 
antenna patterns. 

Superframe Support for Directional Devices 

FIG. 6 illustrates a super-frame structure for quasi-omni 
capable devices in accordance With certain aspects of the 
present disclosure. The super-frame 600 may comprise bea 
con portion 602, a contention access period (CAP) 604, and a 
channel time allocation period (CTAP) 606. The CTAP 606 
may comprise multiple channel time allocations (CTAs) 608. 
The beacon portion 602 may be used for quasi-omni cov 

erage in the region of space of interest, to enable devices 
(DEVs) to track quasi-omni directions of a PNC, and for a 
sector-level training betWeen a DEV and the PNC (i.e., for a 
pro-active beamforming). The CAP 604 may be used for 
association of the DEV With the PNC, and CTA 608 Within 
the CTAP 606 may be used for training and tracking of DEV 
quasi-omni transmit direction. 

Directional Contention Access Period 

The CAP period 700 may be divided into tWo sections, an 
association section 702 and a regular CAP section 704, as 
illustrated in FIG. 7. If a PNC alloWs neW association 
requests, then an association section may exist at the CAP 
period. The association section 702 a be further divided into 
a set of 10”‘) equal siZe association sub CAPs (i e, S-CAPs, as 
illustrated in FIG. 7) corresponding to some of the IQ”) dif 
ferent quasi-omni receive directions of the PNC Within super 
frame or distributed over multiple super-frames (i.e., rlér). 
The regular CAP section 704 may be equally divided into 

the 10”) equal siZe sub CAPs (i.e., S-CAPs, as illustrated in 
FIG. 7) corresponding to some of the 10”) different quasi 
omni receive directions of the PNC Within one super-frame or 
distributed over multiple super-frames. Each S-CAP may be 
received by the PNC using a different antenna receive direc 
tion. 
The association section CAP 702 may be utiliZed solely for 

devices to send association request commands to the PNC. 














